Abstract. The nutritive value of feed fractions ofbarley obtained from integrated ethanolstarch production was evaluated in a feeding trial and five digestibility and balance trials with growing pigs. The products examined were barley protein, (375 g CP/kg), barley fibre (166 CP and 653 NDF), barley molasses (298 CP) and distillers solubles (333 CP); their respective digestibilities for OM were 0.895, 0.633, 0.864 and 0.834 and for CP 0.910, 0.577, 0.809 and 0.851. Barley protein fortified with pure lysine gave a nitrogen balance similar to that of the isonitrogenous soybean-barley diet. In the growth trial, one third and two thirds of soybean meal protein were replaced with barley protein and barley was replaced with 200 g/kg barley fibre or processed fibre. There was no significant difference in performance between the control and treatment groups, the mean growth rate being 795 g/d and the feed conversion rate 2.9 FU/kg gain. Carcass quality was inferior (P<0.05) in pigs fed barley protein but higher in pigs receiving barley fibre diets. Hydrothermal or multienzyme treatments of barley fibre did not improve its feed value for growing pigs. The overall results of these experiments indicate that the feed fractions, rich in protein have good potential as protein supplements in pig diets. The satisfactory feed conversion when barley fibre was used as an energy source was in line with the results of the digestibility trial.
Index words: Barley fractions, grain protein, digestibility, pig feeding introduction A new integrated ethanol-starch process, developed by Alko Ltd., is replacing the traditional alcohol process technology in Finland (Lehmussaari and Ham 1987) . Barley is used as the main raw material in this process. The starch, which constitutes about half the grain raw material, is utilized in the manufacture of alcohol and starch leaving theremaining constituents of the grain to be used as animal feed . In the integrated process the majority of the feed constituents are removed before alcohol manufacturing, thus avoiding many heating steps which impair feed quality. Barley distillers feeds from the traditional ethanol process have been found to have a relatively low nutritive value for pigs, due to 441 JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND their denatured protein and high fibre content (Näsi 1984 (Näsi a, 1985 . The integrated process also enables the fractionation of the barley feedstuffs into specific feed products which meet the needs of different animal species a, Huhtanen et ai. 1988 , Ala-Seppälä et ai. 1988 .
With the present technology, four different feed fractions can be obtained: barley protein, fibre, molasses and distillers solubles. A description of the process and detailed characterisation of the barley feed fractions were presented by Näsi (1988 a) . As the supply of barley by-products from the distillery and starch industry increases, more barley feed ingredients will be available for the animal feed industry and for delivery direct to pig producers. The objective of this study was to determine the nutritive value and utilization of barley feed fractions in pig production, especially their use as protein supplements.
Materials and methods

Feed evaluation and nitrogen balance
The evaluation of the barley fractions in pig feeding involved five digestibility and balance trials and one performance trial with growing pigs. consisted of six treatments, the diets being isonitrogenous (160 g crude protein, CP/kg) or having equal lysine levels (7.6 g/kg) with supplements of barley protein and pure lysine or lysine added together with methionine and threonine. The control diet was barley-SBM (870+ 130 g/kg). In one of the treatments, normal barley meal was replaced with hydrothermally and enzymatically processed barley meal manufactured as presented by Inborr and Ogle (1988) .
Expt. 1, 2 and 4 were made with four castrates (65-85 kg liveweight) with a switchover experimental design. Expt. 3. had a duplicate 3x3 Latin square design and Expt. 5 was designed as a 6x6 Latin square with pigs weighing 30-65 kg. Each period comprised 5 days of adjustment and 5 days of total collection of faeces and urine. The pigs were fed twice daily according to a restricted feeding regime and their diets were adequately fortified with minerals and vitamins (Salo et ai. 1982) . The details of the procedure are the same as described by Näsi (1984 b ) and the chemical analyses were performed as presented by Nasi (1988 a) . The digestibilities of the ingredients were calculated with a regression equation from the quantities of each feed consumed and the digestion coefficients of the diet (Schneider and Flatt 1976) .
Performance trial
The pigs used in this trial numbered 144.
There were six diets: the control diet and five diets formulated with the intention of achieving a similar concentrations of energy and digestible crude protein (DCP) and lysine. In two diets, one third and two thirds of the barley protein was replaced by barley protein.
In three diets, 200 g/kg of barley fibre was substituted for the barley: in one of these diets the barley fibre was processed hydrothermally and in one it was treated hydrothermally and enzymatically (Porzyme, Finn Sugar Ltd.; Inborr et al. 1988) . Pure lysine and methionine were added to adjust the amino acid levels in the rations. The composition of the feeds and their nutrient contents are given in Table 6 . The pigs were assigned at random to the different feeds, the variations in starting weight between the groups being kept as small as possible. Four pigs were placed in each pen, the gilts and castrates being kept separate, and each diet was tested on three pens of gilts and three pens of castrates. The pigs were fed on a 180 g CP/kg pretest diet during 20 days. At 36 kg weight the pigs were transferred to the test diets containing 165 g CP/kg and were fed according the schedule of Salo et ai. (1982) . The pigs were weighed every two weeks and the feed consumption was determined for each pen. The individual pigs were slaughtered at an average weight of 100 kg, at which time the carcass weight was recorded and the carcass classified.
Results and discussion
Composition of the barley fractions
The chemical composition of the feed fractions from barley is presented in Table 1 . The composition of the various ingredients was similar to that in the previous experiments (Nasi 1988 a, Ala-Seppälä et ai. and Huhtanen et ai. 1988 . The barley fractions mainly deviated from the raw material in their contents of protein and fibre. Barley protein, molasses and distillers solubles contain protein 300-380 g/kg DM, which is three times as high as in the barley grain. They also have a low fibre content, but twice as high fat content as the original material.
Barley fibre, obtained by sieving grain slurry, contains mainly barley kernel cell wall material. The hemicellulose content is high, but little lignified fibre remains. The product contains 150-170 g protein and 100-150 g/kg starch. The amino acid content of the barley feed fractions is almost the same as in the barley grain. The contents of lysine and sulphur containing amino acids is slightly higher in barley molasses than in the other feed fractions and lower in distillers solubles.
Digestibility and feed values
All the barley feed fractions seemed to be palatable to pigs even at the higher levels of inclusion. Barley fibre was an exception when its proportion of the total feed intake was high, 400 g/kg of the diet. The digestibilities of barley protein, molasses and distillers solubles were high, 0.83 -0.90 for organic matter (OM) and 0.81 -0.91 for CP, but the values for barley fibre were rather poor, 0.63 for (Bell et al. 1983) . Barley molasses and distillers solubles consist of the soluble cereal material. Evaporation was used to increase the dry matter content of these products and, in spite of their high contents of soluble protein and carbohydrates, the dehydration treatment did not reduce the nutrient digestibilities, as was the case with barley distillers grain with solubles (Näsi 1984a (Näsi , 1985 . Similarly, the values for grain distillery spent wash (296 g CP and 41 g/kg CF) in pigs were 0.87 for OM and 0.73 for CP (Peers et al. 1978) .
Since barley fibre is mainly composed of cell wall constituents, its digestibility in pigs is low, due to the limited capacity of their lower digestive tract. Longland et al. (1988) and Graham et al. (1986 1988 ). The endosperm cell walls of barley consist mostly of P-glucan and arabinoxylans (Fincher 1975 (Fincher , Äman et al. 1988 (Cromwell and Stahly 1986) . This was also seen in the present diets at the barley fibre inclusion levels of 200 and 400 g/ kg, when the NDF contents of the diets were 268 and 363 g/kg; the diet OM digestibilities were, respectively, 0.83 and 0.78, and the corresponding CP values were 0.82 and 0.77. Multienzyme treatment (Diet 6) did not improve the digestibility of any of the diet nutrients (P>0.05), compared with the unsupplemented diets 2, 3 and 4 in Expt. 5. Enzymatic processing did not increase the nutritive value of barley fibre in the growth trial either (Table 7) . This agrees with the obser- promoted nitrogen retention in Expt. 1 and 3. Barley molasses as protein supplement tended to give a higher nitrogen balance than the control barley-SBM (P>0.05). Barley molasses had a favourable amino acid composition compared with the other barley fractions. Lysine supplementation, to give the same level in the barley protein diet as in the control diet based on barley-SBM, gave a higher nitrogen balance than in the control (21.8 vs 20.7 g/d) and a significantly (PcO.Ol) higher balance than in the isonitrogenous barley protein barley diet (Table 5 ). Further supplementation with methionine and threonine did not evoke any response. The barley protein barley diet formulated to have the same lysine level as the control barley-SBM diet had a significantly (P<0.01) higher nitrogen balance than the control one. Urinary urea excretion also indicated fairly good protein utilization in Expt.
5, but, diet 6 deviated statistically significantly (PcO.Ol) from the others. The storage proteins of barley endosperm are mainly hordeins and glutelins, which are rich in proline and glutamic acid, but low in essential amino acids, such as lysine (Bach Knudsen 1982) . The quality of barley protein can thus be improved by amino acid supplementation. The water-soluble proteins in barley molasses are higher in lysine and other amino acids (Briggs 1978) .
Performance of pigs fed barley fractions
The average daily gain in the experiment was 0.79 kg and the feed conversion was 2.9 FU/kg gain. There were no statistically significant differences in performance between the control group and the animals given barley protein or barley replaced by barley fibre (Table 7). Gilts had a lower daily gain than castrates, 804 vs. 853 g/d (P<0.05). The dressing percentage was significantly (P<0.01) higher in gilts receiving barley protein than in the controls (73.8 vs 72.3), but lower in the pigs fed on barley fibre (PcO.Ol). The processing of the barley fibre decreased the dressing percentage still further (P<0.05). The differences probably indicate variability in the gut fill. The carcass quality assessed on side fat thickness (points s -l ) 5 -1) was significantly lower (P<0.05) in pigs fed on barley protein than in the control group, but significantly higher in the animals fed on barley fibre (P<0.05). Pigs fed on processed barley fibre also showed improved carcass quality (P<0.05). Correspondingly, Edwards et al. (1985) found that carcass backfat thickness was reduced with increasing maize gluten feed.
It appeared from these performance data that barley protein fortified with lysine could be substituted for a major proportion of the protein of SBM, over 0.50, in barley-soy bean pig diets, without an adverse effect on production. This is in agreement with the nitrogen balance experiments (Expt. 3 and 5). The present observations are in line with the results showing that a considerable saving of soybean meal was achieved with the use of high-protein barleys in diets for growing pigs (Thomke et al. 1978 , Newman et al. 1978 . Distillery spent wash at a level of 540 g/kg diet DM has given a similar performance in pigs to that obtained with an equal nutrient supply from a barley-soybean diet (Peers et al. 1978) .
A slightly poorer carcass quality in pigs fed barley protein may indicate some deficiency in the protein quality, although the lysine contents were the same. This is not, however, supported by the results of the nitrogen balance trial, in which supplementation with methionine and threonine gave no improvement. An explanation of the slightly greater side fat thickness could be that the energy value of barley protein is higher than that based on the digestible nutrients, since the feed conversion was equal.
An equivalent performance was achieved with the test animals when 200 g/kg of barley was replaced by barley fibre. This is in agreement with the results of Edwards et al. (1985) , which showed that maize gluten feed at inclusion rates of up to 300 g/kg did not influence pig performance or carcass characteristics adversely. Similar results were obtained by Yen et al. (1971) when substituting corn gluten feed as an energy source. However, increasing levels of gluten feed also increased the levels of linoleic acid, which indicated that progressively softer fat would be produced (Edwards et al. 1985) . Erickson et al. (1985) reported depressed gains and feed efficiency when pigs were fed diets in which maize was replaced with more than 200 g/kg wheat middlings, rather similar in composition to the present barley fibre. Cromwell and Stahly (1986) reported that diets containing 100-200 g/kg dried distillers grains with solubles were utilized fairly efficiently by growing pigs, whereas diets containing 300 or 400 g/kg DDGS resulted in depressed feed efficiency. They concluded that dietary levels of NDF exceeding 150 g/kg had an adverse effect on the digestibility of fibre and other dietary components. In the present experiment, the diets with barley fibre had NDF 234 g/kg and the control diet 150 g/kg. The feed conversion in pigs on diets containing barley fibre was equal to that in the control group, which indicates that the energy value for barley fibre obtained in the digestion trial was valid. Flydrothermal or multienzyme treatments of barley fibre did not improve its feed value for growing pigs. The fibre polysaccharides of barley fibre are probwith pigs have shown only small and often inably degraded during the manufacturing, so significant increases in growth rate on addithat no further improvement could be seen aftion of enzyme (Näsi 1988 b, Inborr and ter the present treatments. Other feeding trials Ogle 1988) .
